Basing on the results of dierential scanning calorimetry and transmitted light intensity methods and texture observations in the temperature range from −50 
Substances with elongated organic molecules often form various liquid crystalline mesophases, i.e. liquid phases having long range order of some degrees of freedom, which results in anisotropy of their physical properties [1] . Since 1976 liquid crystalline phases of ferroelectric ordering of molecules are known [2] and in 1989 rst substance with antiferroelectric liquid crystalline phase was synthesized [3] . Many compounds reveal both phases during changes of temperature or pressure [4] . Non-zero component of molecular electric moment perpendicular to the long axis of molecules is a factor necessary for ferroelectric ordering. Due to dipolar interactions helical structures are formed with a helical pitch of 100 nm. Physical properties of such type of compounds are investigated intensively due to the possible applications in optoelectronics. There is a great interest in synthesis of substances having wide temperature range of ferroelectric phase in the vicinity of room temperature, appropriate viscosity and spontaneous electric polarization, and short time of switching of the polarization vector by small electric voltage. * corresponding author
In the paper thermal behaviour of elongated molecules of 1-[3-uoro-4-(1-methylheptyloxycarbonyl)phenyl]-2--[4 ′ -(2,2,3,3,4,4,4-heptauorobutoxybutoxy)biphenyl-4-yl]ethane having chiral center in the alkyl chain and dipolar moment perpendicular to the long axes due to several dipole molecular groups (COO, CF and COC) was studied.
Molecular structure of the substance is presented in Fig. 1 . For identication of phases and establishing of a phase diagram three complementary experimental methods were used: dierential scanning calorimetry (DSC), transmitted light intensity (TLI) and texture observations by polarizing microscope (POM). Preliminary DSC thermogram [5] obtained above room temperature showed the presence of the ferroelectric smectic SmC * and the antiferroelectric smectic SmC * A phases. A , for a newly found liquid crystalline phase and nally for a crystal. New phase reveals a fan texture so we assume that it is the smectic I * phase (SmI * ) as for the other substances of similar properties [6] . In the next step the phase sequence was checked down to −50
• C using DSC and down to −30
• C by TLI measurements. In both methods a sample was rst heated to the isotropic phase.
In Fig. 3 the DSC thermogram obtained during cooling and heating the sample with the rate of 2 K/min is shown. One can see that in the heat ow vs. temperature curves the sequence of the thermal anomalies depends on the direction of the temperature change. A low-energy transition from SmC * A phase to the SmI phase and then its crystallization are visible on cooling only. Figure 4 presents the intensity of transmitted light as a function of temperature. TLI plot analysis allows to conrm the monotropic system of phase transitions obtained by DSC method. Values of phase transition temperatures are slightly dierent in each method, due to the slower rate of temperature changes in the TLI as compared to the DSC measurements. Dierence in intensities detected at the same SmC * phase on cooling and on heating is caused mainly by the fact that arrangement of the molecules in the sample depends on the direction of temperature changes.
Further, DSC measurements were repeated in order to see in more detail thermal behavior of the sample at dierent conditions of experiment. The measurements were done for the same sample as before. It was stored at room temperature for about two weeks before starting the rst cycle: temperature was decreased with the rate of 10 K/min down to −50
• C and then increased at the same rate to 90
• C. The next cycles were performed by cooling and heating the sample with dierent rates of temperature changes. In Fig. 5 the DSC thermograms for 2, 5, 10, and 20 K/min rates of heating and cooling are presented. The phase transition temperatures observed in the DSC method are summarized in Table I . One can see that during the rst cycle (10 K/min) on cooling from room temperature no thermal anomaly appears and on heating the rst anomaly appears at approximately 72
• C. Such thermogram was not obtained in subsequent cycles. Contrary to that in each of them during cooling not only high-energy peak associated with the transition of SmI * phase to the solid phase was detected but on heating an apparent very weak wide anomaly was visible beginning at about 0 • C apart from the anomalies of the previously identied phase transitions.
To better illustrate the situation described, in Fig. 6 presentation is focused on the unusual anomaly by showing the enlarged fragment of DSC thermograms of Fig. 5 . Now it is clear that during the rst cycle (10 K/min) up to melting the sample is only in the solid phase, we called crystal Cr1. In other cycles the exothermic nature of the anomaly observed on heating is the base of conclusion that the phase SmI * obtained on cooling crystallizes to the metastable phase Cr2 transforming slowly to stable crystal Cr1. The enthalpy and entropy changes calculated for the phase transitions are collected in Table II . One can see that the thermal eects of anomalies between crystalline phases are much smaller than at clearing and crystallization/melting temperatures. Figure 7 presents temperature of the phase transition vs. heating (a) and cooling (b) rate. Values of the phase transition temperatures depend on the rate of temperature changes in a similar way except of temperature of SmI * Cr2 transition. Temperature of freezing point depends on the cooling rate much stronger, which is the general rule for most substances [7] . This process is the result of interplay of nucleation of crystalline seeds and the process of their growth which are characteristic fea- tures for each substance [8] . All dependences are linear, so they are tted by linear functions of the form T P = a + b∆T /∆t. Directional coecient b informs how the phase transition temperature T P changes with the rate of heating/cooling, while the value of a is equal to the phase transition temperature at zero rate of heating/ cooling. Coecients a and b are collected in Table III. The DSC studies allow us to determine the following phase diagram of the substance at zero rate of heating and cooling of the sample:
Detailed observation of textures on cooling and heating the sample corroborate well with these results. The next step was to check how the substance could be vitried. For this purpose, the sample was cooled from 90 Fig. 8 . The value of the glass transition temperature T g = −115 Is (83 The Gibbs free energy diagram showing the monotropic system of phases is schematically drawn in Fig. 9 . Dynamics in glassforming crystal Cr2 was recently evidenced using dielectric spectroscopy [9] . A weak complex relaxation connected with conformational rotations, which are probably stopped below T g , was found. Conformational freedom in glassforming crystal phase was reported for some liquid crystalline materials of smaller molecules [10, 11] . 4 . Conclusions   For 1-[3-uoro-4-(1-methylheptyloxycarbonyl) A . The sequence of phases was observed using three methods, i.e. light transmission intensity, dierential scaning calorimetry and polarizing microscope observations. In DSC during rapid cooling of the substance (10 K/min), vitrication of the crystal Cr2 phase was registered at T g = −115
• C.
